Abstract. This paper focuses on the applicability of InN based quantum dot in the active layer of the solar cell to reduce the short circuit current variation above the room temperature. We have investigated numerically the effect of temperature on the short circuit current of the solar cell using InN based quantum dot in the active layer of the solar cell. The numerical results are compared with those obtained by using Ge based quantum dot. The comparison results revealed that the short circuit current has been increased slightly but the variation of short circuit current has been reduced significantly in the case of using InN quantum dot in the active layer of the device structure. As the results, InN can be considered as the best alternative material to fabricate solar cell with higher short circuit current in upcoming decades.
Introduction
Solar cell is one of the widely used optoelectronic semiconductor devices all over the world to convert the solar energy into electrical energy without polluting our environment [1] . Eearlier semiconductor solar cells were fabricated from the bulk materials. The gradual evolution of the new types of materials like quantum well, quantum wire and quantum dot have drawn the attention of the researchers to find out the material to fabricate the device from the wide range of available materials [2] . Recently it has been reported that the enhancement of semiconductor device performance with quantum dot in the active layer is gaining more and more attention of the researchers in the field of optoelectronic semiconductor device design [3, 4] . Solar cells are usually installed in the open places in order to capture maximum amount of solar energy that can be converted into electrical energy [5] . The solar cell is placed even in higher temperatures in space and concentrator systems. The temperature affects the solar cell performance significantly [6] . Therefore, the temperature dependence of different characteristics of solar cell has been given the top most priority by the researchers [7] .
In this paper, we have mainly investigated numerically the effect of temperature on short circuit current of the solar cell using InN based quantum dot in the active layer of the solar cell. In order to compare the numerical results of short circuit current using InN, we used Ge based quantum dot in our investigation. Finally, the numerical results obtained by using InN and Ge based quantum dot have been compared and found that the short circuit current has been increased slightly but its variation has been reduced significantly in the case of InN based quantum dot. It can be then concluded that the application of InN based quantum dot in the active layer of the solar cell can bring about a dramatic improvement in short circuit current and its stability above room temperature.
Mathematical Formulation
The mathematical expression for short circuit current of the solar cell is given by the following equation [8] = .
(
Here, is the open circuit voltage of the solar cell, K is the Boltzmann's constant, q is the charge of carrier and T is the temperature in Kelvin.
Eq.1 represents the relationship between the open circuit voltage and the short circuit current of solar cell. However, the open circuit voltage of the solar cell is related to the band-gap energy of the solar cell, which can be expressed by the following equation [9] 
Here, is the open circuit voltage deficit, which can be neglected because 
The temperature dependence of the direct band gap energy of semiconductor can be described by Varshni's equation [10] ( ) = (0) − .
Here, ( ) is the energy band gap of semiconductor, (0) is the energy band gap at T= 0K. The other parameters which are valid for InN and Ge also are given in Table 1 .
In order to investigate the effect of temperature on the variation of short circuit current, we need to differentiate on both side of the Eq.1 with respect to temperature. Thus taking the first derivative of Eq.1 with respect to temperature, we obtain,
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Putting the value of ( ) from Eq. 4 into Eq.3 and then by differentiating on both side of the Eq. 3, we get
Now using the Eq. 5 and Eq. 6, we obtain the following equation
Results of Numerical Calculation
This section shows the comparative analysis of temperature dependence of the short circuit current of solar cell, and the variation of short circuit current with temperature in the cases of using InN and Ge based quantum dot in the active layer of the solar cell.
The Eq. 1 to Eq. 4 is used to calculate the short circuit current at various temperature. The results obtained are shown in Fig. 1 . Similarly, Eq.3, Eq.4 and Eq.7 are used to calculate the variation of short circuit current. The results obtained are shown in Fig.2 . The parameters used for the numerical calculation for InN and Ge are shown in Table 1 and 2 [7, 8] . Advanced Materials Engineering and Technology II using InN based quantum dot in the active layer is higher than that obtained using Ge in the active layer of the solar cell. Fig. 2 shows the rate of change of short circuit current of solar cell with respect to temperature. The solid line and the dashed line represents the rate of change of short circuit current of solar cell using InN and Ge based quantum dot in the active layer of the solar cell respectively. From the graph it is clear that the rate of change of short circuit current using InN based quantum dot is less than that obtained using Ge based quantum dot in the active layer of the solar cell structure.
Conclusion
In this paper, we have studied and investigated numerically the temperature dependence of short circuit current in the cases of using InN and Ge based quantum dot in the active layer of the solar cell. The numerical results ascertained that the short circuit current of the solar can be increased slightly but the variation of short circuit current with respect to temperature can be reduced in a significant amount in the case of InN based quantum dot compared to Ge based quantum dot. As the results, InN based quantum dot can be a promising material to fabricate solar cell in the near future.
